Summary. Injection of progesterone into lactating red kangaroos terminated embryonic diapause while the young continued to occupy the pouch. On Day 4, after progesterone injection on Days 1 to 3, the number of cells in the blastocysts was greater than during diapause and some glandular development had occurred in the uterus. By Day 8 the blastocysts had increased in size and the uteri were well developed.
INTRODUCTION
The red kangaroo, Megaleia rufa (Desmarest), usually comes into oestrus a day after giving birth ; ovulation occurs about a day later and, if the female has mated, the egg is fertilized and develops into a unilaminar blastocyst containing about eighty-five cells (Sharman, 1963; Clark, 1966 (Sharman, 1963) . Several other macropodid marsupials, including the quokka, Setonix brachyurus, and the tammar, Protemnodon eugenii, follow a similar pattern of post-partum ovulation and embryonic diapause (Sharman, Calaby & Poole, 1966) . In all marsupials that have been studied, histological observations show that the rate of growth and decline of the corpus luteum is independent of mating and pregnancy (Sharman, 1959; Tyndale-Biscoe, 1963a) .
Secretions of the pituitary gland and of the ovaries are necessary for develop¬ ment of the blastocyst after removal of pouch young (rpy) in the quokka, but injection of progesterone into bilaterally ovariectomized animals permitted uterine and embryonic development after rpy (Tyndale-Biscoe, 1963a, b) . The present study of the effect of progesterone or oestrogen on the uterus and blastocyst was made using intact red kangaroos in which the stimulus of the suckling young in the pouch maintained the quiescent phase of the corpus luteum.
METHODS AND MATERIALS
The animals used were drawn from the captive colony at the CSIRO (Clark, 1966 
Ovaries and uteri
The corpus luteum of post-partum ovulation during the quiescent phase in the red kangaroo is a round body about 3 mm in diameter (Sharman, 1964b) . The luteal cells are small and fairly densely packed ; the nuclei are small and round, with chromatin condensed on the nuclear membrane and none of them is dividing (PL 1, Fig. 1 ). Blood vessels are not prominent. The corpora lutea from animals on Day 4 or Day 8 after progesterone treatment could not be distinguished from typical quiescent corpora lutea (PI. 1, Fig. 3 ). On Day 4after removal of pouch young (rpy) the corpus luteum was similar, but on Day 8 the luteal cells were larger and the intercellular spaces were also larger (PI. 1, Fig. 5 ). Mitotic figures were seen in both luteal and connective tissue cells, but they were not frequent. Sharman (1964a) found mitoses in luteal cells 8 days after rpy.
The microscopic appearance of the uterus during the quiescent phase has been described by Newsome (1964) . The (Sharman, 1964a) . Table 3 . Tyndale-Biscoe (1963b) showed that progesterone permitted resumption of development of the blastocyst after rpy and simultaneous ovariectomy. The interval between the first progesterone injection and birth (28 to 30 days) was shorter than the normal interval between rpy and birth (31-34+0-89 days, Sharman, 1963) . Similarly the uterus and blastocyst of a non-injected animal 7 days after rpy resembled those of animals examined only 3 days after the first progesterone injection. This difference (1 to 3 days) must represent the time lag between cessation of suckling and secretion of the physiological substance (s) stimulating uterine and embryonic development. Sharman (1955) suggested that resumption of blastocyst development in the quokka depended on the appearance of a secretory endometrium. TyndaleBiscoe (1963a) found that the quokka blastocyst resumed development simul¬ taneously with the corpus luteum about 2 days after rpy, whereas the luteal phase did not develop in the uterus until Day 7. This suggested that the blasto¬ cyst might be stimulated directly by secretions of the corpus luteum rather than by the uterus. In the red kangaroo, 3 days after the first injection of progester¬ one, the number of cells in the blastocyst had increased and many cells were dividing. The corresponding endometrium had undergone some progestational changes, including expansion of the stroma and changes in the positions of gland cell nuclei, but the glands had not developed. This is evidence in favour of a double action of progesterone, its effect being both directly on the blasto¬ cyst and also on the uterus.
Two animals that failed to show any response to daily doses of 5 or 10 mg progesterone gave birth 3 days later than expected when injected with 20 mg/day. In another experiment, one female treated with 10 mg/day for 6 days 354 Meredith J. Clark before and 2 days after rpy gave birth 44 days after rpy (unpublished results). These observations indicate that in some conditions progesterone may actually inhibit resumption of development by the blastocyst.
In the red kangaroo, post-partum oestrus usually occurs within 4 days of parturition (34-00 + 0-89 days after rpy, Sharman, 1963) . The post-partum oestrus of progesterone-injected animals occurred at a similar time after rpy (33-1+0-40 days), although parturition had occurred as long as 22 days pre¬ viously. The difference between the developmental age of the corpus luteum and that of the embryo did not affect the growth and decline of the corpus luteum and subsequent maturation of a follicle. However, the low proportion of births in progesterone-treated animals as compared with control-injected or uninjected animals suggests that intra-uterine mortality occurred, and this may have resulted from the asynchrony of corpus luteum and uterus. TyndaleBiscoe (1963b) found that embryos developed to term in bilaterally ovariecto¬ mized quokkas, but the ovaries were necessary for parturition.
Six neonates died soon after birth. They attached to a teat in the normal way, but died there a day or two later, and at that time neither milk, nor the clear fluid of the first day or two of lactation could be squeezed from the teat. These young were born between 12 and 25 days after removal of a previous young. The hormone balance in the mothers at the time of parturition was apparently unsuitable for mammary gland development and the stimulus of the neonatus on the teat failed to elicit milk secretion. In one female tested, the mammary glands responded to the suckling stimulus neither at birth nor 31 days after RPY.
Tyndale-Biscoe's demonstration that progesterone treatment permitted embryonic development in the quokka after ovariectomy at rpy, and the results of progesterone injection in the red kangaroo, suggest that progesterone is the physiological stimulus to embryonic development. However, in four of eleven animals oestradiol benzoate terminated diapause. The effect of injected oestro¬ gen on embryonic diapause in the red kangaroo is being further investigated. As the progesterone-treated and oestrogen-treated animals were not ovariecto¬ mized, small amounts of endogenous oestrogen and progesterone would have been present. It is possible that oestrogen and progesterone act synergistically in the termination of embryonic diapause.
